In order to provide standards for the calibration of small grating spectrometers over the region from 166 to 600 cm-1 , tracings of the spectrum of atmospheric water vapor are presented. The lines are identified and tabulated. Wavenumbers obtained from energy levels derived from the best available high-resolution spectra are given, together with an indication of their relative reliability. The best lines are believed accurate to ±0.03 cm-1 .
Introduction
The Commission on Molecular Structure and Spectroscopy of the International Union of Pure and Applied Chemistry has recently published [I] 2 a set of provisional wavenumbers for the calibration of infrared spectrometers. These tables include the spectral region from 600 to 4,000 cm" 1 . There are now available commercial instruments which operate to 200 cm" 1 and there is a need for calibrating wavelengths in this region. No doubt it will require several years before completely adequate standards of high precision can be obtained for this region. The purpose of this report is to present wavenumbers, between 166 and 600 cm" 1 , of lines of atmospheric water vapor that may serve as preliminary provisional reference standards.
Method and Results
The rotational spectrum of H 2 O is very rich in lines and extends from 0.74 cm" 1 to beyond 1,000 cm" 1 . Its greatest intensity is near 200 cm" 1 , such thatrevacuation of the instrument or flushing with a dry inert gas is required. The appearance of the spectrum depends upon the resolution of the spectrometer and the conditions of path length, relative humidity, temperature, and pressure. These factors also will affect the apparent wavelength of individual peaks, most strongly when weaker lines occur blended with the line principally responsible for the absorption, or when several components fall within the slit width. The provisional standards presented here are graded according to their invariance to such changes in condition, and are to be considered most reliable only for the reported conditions.
Theoretical analysis of the water-vapor spectrum as observed with high resolution, both in the region of the pure rotation spectrum and the vibrationrotation bands in the shorter infrared [2, 3, 4, 5, 6, 7] has led to a quite complete interpretation of the observed features, and to the determination from the spectra of energy levels of the ground vibrational 1 Present address, Johns Hopkins University, Baltimore, Md. 2 Figures in brackets indicate the literature references at the end of this paper.
state. From these levels positions of all transitions in the 166 to 600 cm" 1 region, including many weak lines, may be calculated. It is believed that the positions thus calculated are more reliable than observations, since they depend upon the Ritz combination principle and upon a smoothing process, which averages the errors of individual measurements and individual observations. References 2 to 7 describe the procedure in more detail and provide numerous examples of how well the calculated line positions agree with observations throughout the spectrum.
The present standards are based on a new smoothed set of energy levels, which are in close agreement with earlier sets such as those of reference 6. The changes are based principally on new measurements by Rao [8] in the regions 280 to 550 cm" 1 and 1,450 to 1,700 cm; 1 ; by Izatt [9] in the region 450 to 690 cm" 1 ; and in this laboratory from 1,580 to 2,200 cm" 1 . The levels and molecular constants derived therefrom will be presented elsewhere. A complete listing of all the pure rotation lines, including weaker ones with intensities down to 10" 5 of the strongest has been prepared; this contains nearly 600 entries in the region covered here. Table 1 presents the recommended wavenumbers of lines, which are illustrated and numbered in figures 1 to 3. The entries are divided into three classes. Class A, the most reliable, is reserved for lines where a single transition or a very narrow (0.05 cm" 1 ) doublet, is responsible for more than 90 percent of the absorption within 1 cm" 1 of the line center. Class B lines are those where there are several minor components or wider but unresolved doublets, or where the line falls close to neighboring groups so that it is more dependent on conditions of observation. Class C lines are blends of several major components. It is believed that Class A lines should be reliable to better than ±0.03 cm" 1 ; class B to ±0.1 cm" 1 ; and class C to ±0.3 cm" 1 . In the preparation of the illustrative figures, a commercial infrared grating spectrometer was used from 600 to 225 cm" the remaining part of the spectrometer was well dried. The effective slit was 0.4 cm" 1 , and the path length was 56 cm. The temperature and relative humidity are as specified in the captions. The carbon dioxide band is included in figure 1 in order to assist in the recognition of the water vapor lines. The identification and the wavenumbers of the lines of CO 2 are given in another publication (see ref. 1) .
The region from 225 to 166 cm" 1 was measured on a small grating instrument with a resolution of about 1 cm" 1 , and the path length was 65 cm. The absorption of the weaker lines in this region can be increased by the use of a longer path length or a higher relative humidity. The rotational lines shown in figures 1, 2, and 3 are for identification purposes only and the wavenumbers given in table 1 are based on measurements of higher resolution spectra.
